Giardia intestinalis is a protozoan parasite, transmitted to humans and animals by the faecal-oral route, mainly through contaminated water and food. Knowledge about the distribution of this parasite in surface water in Poland is fragmentary and incomplete. Accordingly, 36 environmental water samples taken from surface water reservoirs and wells were collected in Pomerania and Warmia-Masuria provinces, Poland. The 50 L samples were filtered and subsequently analysed with three molecular detection methods: loop-mediated isothermal amplification (LAMP), real-time polymerase chain reaction (real-time PCR) and nested PCR. Of the samples examined, Giardia DNA was found in 15 (42%) samples with the use of LAMP; in 12 (33%) of these samples, Giardia DNA from this parasite was also detected using real-time PCR; and in 9 (25%) using nested PCR. Sequencing of selected positive samples confirmed that the PCR products were fragments of the Giardia intestinalis small subunit rRNA gene. Genotyping using multiplex real-time PCR indicated the presence of assemblages A and B, with the latter predominating. The results indicate that surface water in Poland, as well as water taken from surface wells, may be a source of Giardia strains which are potentially pathogenic for humans. It was also demonstrated that LAMP assay is more sensitive than the other two molecular assays.
INTRODUCTION
Adam ; Lebwohl et al. ) . The prevalence of Giardia infections in humans was previously estimated at 2-5% in industrialised countries and 20-30% in developing countries (Thompson & Monis ) . However, regarding Europe, the epidemiology report from ECDPC in 2014 confirmed 17,278 giardiasis cases, reported by 23 countries in the EU/EEA, with the highest number of cases reported by Germany (n ¼ 4,011), followed by the United Kingdom (n ¼ 3,628), which accounted for 44% of cases (ECDPC ). vers deposit their faeces in water, and commensal rodents (house mice, rats, muskrats) contribute to soil/food contamination affecting both humans and animals. Some species, e.g., birds or insects, may also act as vectors facilitating the mechanical transmission of cysts (Bajer ) .
The distribution of Giardia infections in humans in
Poland (1-9% in children; 3-7% adults) is similar to that noted in other European countries (Bajer  According to the owners, water from these wells is not used for drinking; however, it might be used to water plants in kitchen gardens.
Water samples were collected twice from the same sampling sites. One sample was taken between May and June (when the water temperature is relatively cool), the other between August and October (when the water is warmer).
Sampling system
Fifty-litre samples of surface water and water from wells were collected and filtered on site with the use of a portable Tween 80, 0.02% PPi, 0.03% EDTA] was added to wash (larger pellets were suspended in 4 mL of PBS buffer) and stored for further analysis.
DNA extraction
Prior to DNA extraction, the material obtained from filters was frozen three times at À70 W C and thawed at 30 W C in a water bath to disrupt the cyst walls and improve the efficiency of DNA extraction, which was performed using a Sherlock AX kit (A&A Biotechnology, Gdynia, Poland)
according to the manufacturer's instructions. All of the PCR templates were treated with an Anty-Inhibitor Kit (A&A Biotechnology) which removes polyphenolic PCR inhibitors using specific absorption particles, thereby removing factors that could interfere with the PCR. The PCR templates were stored at À20 W C.
DNA amplification
For specific detection of G. intestinalis DNA, nested PCR, 
RESULTS
In total, 36 water samples collected from surface water reservoirs and wells in northern and north-eastern Poland were examined for G. intestinalis using three different Figures 2-4) .
In three of the water samples (templates 1S2, 3S2 and 18 S2) positive results were obtained only with the LAMP assay. The remaining water samples, which were positive in LAMP, were also positive by at least one additional method: real-time PCR or nested PCR (Table 2) .
Among the 13 different surface waters investigated, (Table 2) .
Among five wells examined, Giardia DNA was detected in four, that is, in five of ten water samples collected (Tables 1 and 2) .
Among all water samples collected in the period between May and June, nine (60%) samples were positive for Giardia spp. Of the samples collected during this period, samples (four lakes, the pond and Vistula Lagoon) from six natural water bodies (n ¼ 13) and from three wells (n ¼ 5) were positive. In water samples from the same sites collected between August and October, Giardia DNA was amplified in six (40%) of them (Table 2 ).
In the case of one well (located in the village of Radosze), two lakes (Choczewskie and Jeziorak) and the Vistula Lagoon, a positive result for Giardia DNA amplification was noted in both water samples collected (S1 and S2) from the investigated sampling sites. For water samples taken from the remaining sampling sites, one of two collected samples was positive ( Figure 3 | Results of the Giardia intestinalis DNA detection in environmental water samples using LAMP: M, molecular weight marker (2,000 bp, Takara, Japan); C þ , positive control; C À , negative control; line 1, well Ołownik (S1); line 2, well Jankowice (S1); line 3, well Zielenica (S1); line 4, well Wiewiórki (S1); line 5, well Radosze (S1); line 6, Choczewskie Lake (S1); line 7, Ż arnowieckie Lake (S1); line 8, Wysockie Lake (S1); line 9, Sitno Lake (S1); line 10, Dłuż ecko Lake (S1); line 11, Rydzówka Lake (S1); line 12, Mamry Lake (S1); line 13, Jeziorak Lake (S1); line 14, Pozorty Lake (S1); line 15, Osowskie Lake (S1); line 16, Dobre Lake (S1); line 17, pond; line 18, Vistula Lagoon (S1). In this report, we present the results of detecting C À , negative control; line 1, well Ołownik (S1); line 2, well Jankowice (S1); line 3, well Zielenica (S1); line 4, well Wiewiórki (S1); line 5, well Radosze (S1); line 6, Choczewskie Lake (S1); line 7, Ż arnowieckie Lake (S1); line 8, Wysockie Lake (S1); line 9, Sitno Lake (S1); line 10, Dłuż ecko Lake (S1); line 11, Rydzówka Lake (S1); line 12, Mamry Lake (S1); line 13, Jeziorak Lake (S1); line 14, Pozorty Lake (S1); line 15, Osowskie Lake (S1); line 16, Dobre Lake (S1); line 17, pond; line 18, Vistula Lagoon (S1). . The presence of this protozoan has also been confirmed using molecular assays in several water bodies used for recreational activities in north-western Poland (Adamska 
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Dobre Lake S1 À À À À S2 À À À À The source of contamination of water investigated in our study may differ depending on the localisation and character of particular sampling sites. Choczewskie is a very clean, flow-through lake situated in the Choczewo-Salino Protected Landscape Area (Pomerania province), a popular Choczewskie Lake; line 3, Jeziorak Lake (S1); line 4, Vistula Lagoon; line 5, Osowskie Lake; line 6, well Radosze; line 7, Pozorty Lake; line 8, well Ołownik; line 9, Jeziorak Lake (S2); line 10, well Zielenica; line 11, well Jankowice; line 12, negative control.
site for tourism and recreation. Here, we detected G. intestinalis assemblage B, which may derive mainly from wildlife; however, a human origin cannot be excluded.
The lakes Wysockie and Osowskie are small ribbon lakes.
Low quality water from Wysockie (Gdańsk district), showing progressed eutrophication induced by the discharge of sewage into the aquatic system, is used mainly for factories and irrigation of agricultural areas. Osowskie, situated on the border of the Kashubian Lake District, is cleaner that Wysockie, but also polluted with waste coming from local farms as well as from a storm water drain. In these lakes, the occurrence of G. intestinalis assemblages A and B may have a human or mixed host origin. Jeziorak, a large ribbon lake, located in Warmia-Masuria province, has a rich lakeside and is surrounded by the marvellous forests of Iława Lake District Landscape Park. In this lake, we found DNA of G. intestinalis assemblage B, the source of which may be both human (i.e., waste may derive from certain yachts whose owners avoid treatment stations in marinas) and animal (wildlife from the surrounding landscape park and domestic animals from local homes). In contrast to Jeziorak, Pozorty is a small lake, surrounded by forests and fields, where the contamination most probably originates from wildlife and domestic animals. The Vistula
Lagoon has poor quality water due to waste from sewage treatment plants and several rivers flowing into the lagoon.
Therefore, the contamination with Giardia is probably of human origin. We also found Giardia DNA in wells located 
CONCLUSIONS
In the present study, we detected DNA of G. intestinalis in surface water samples taken from lakes, a pond and a lagoon, as well as from wells located in Pomerania and Warmia-Masuria provinces, Poland. These findings indicate a potential risk for people using contaminated water. Moreover, we have demonstrated that the LAMP assay was the most sensitive of the three molecular detection methods used for screening of the environment for Giardia species.
